Abstract --La 1 _ x Sr x Mn0 3 films were deposited on SiOz/Si substrates by using the facing target sputtering apparatus with LaO.76SrO.24Mno.7S03 targets in mixture gas of Kr and 0z or Ar and 02' For films deposited in Kr+0 2 , (111) orientation was observed, while (110) orientation was preferential for films deposited in Ar+0 2 . 4nMs of as-deposited films was very small at most 0.17 kG, of which the value corresponded to 1/18 of that of targets. It increased up to 2.4 kG after post-annealing at 1000 Q C in 0z, while the films prepared under same conditions in Ar+02 exhibited relatively small 4nMs of 1.6 kG
I. INTRODUCTION
A perovskite type of (La,Sr)Mn03 reveals ferromagnetism, electrical conductivity, and colossal magneto resistance (CMR) effect [1] [2] [3] , and seems to be applicable for various devices. It was reported that the magnetoresistance was observed below the magnetic transition temperature T c in applying magnetic field less than 0.5 T for sintered polycrystalline materials [4] . However, it has been difficult to sputter-deposit highly crystalline thin films with well magnetic characteristics. It seemed to be attributed not only to their complicated crystal structure, but also the bombardment of the recoiled Ar to growing film surface. In this study, La 1 _ X Sr x Mn0 3 films were deposited using Facing Targets Sputtering (FTS) apparatus with the targets with composition of LaO.76SrO.24Mno.7S03 in the mixture gas of Ar and O 2 or Kr and 02' Since Kr with atomic weight of 83.8 is heavier than Ar with atomic weight of 39.9, when Kr is as sputtering gas instead of Ar, the number and energy of the recoiled particles would be decreased and effective momentum transfer to sputtered La and Sr atoms with atomic weight of 139 and 87.6, respectively can be expected, and these sputtered atoms possess high random walk mobility on substrate surface.
11. SINTERING TARGETS La 1 _ x Sr x Mn0 3 pellets with x of 0 -0.5 were prepared by sintering method from stai:ting powder of La 2 0 3 , SrC0 3 , and MnC0 3 in order to decide the composition of targets for FTS apparatus. At first, MnC0 3 powder was used to control the Mn content in the pellet. Sintering conditions are listed in Table I . Fig. 1 shows the change of saturation magnetization 4:rtM s as a function of the Sr composition x. It was found that Mn 3 0 4 was better than MnC0 3 as the starting material to sinter targets, because there was less CO 2 gas in the pellets for the case using Mn 3 0 4 so that the crystallization process of La 1 _ x Sr x Mn0 3 seems to be stable. 4n:Ms took the maximum value of 5.5 kG at x of 0.25. LaO.76SrO.24Mno.7803 targets were prepared using the same sintering conditions. The target exhibited 4nMs of 3.1 kG. 
Ill. EXPERIMENTAL PROCEDURE
The conditions for depositing films with FTS apparatus are listed in Table 11 . All specimen films were deposited on thermally oxidized silicon (Si0 2 /Si) wafers. The substrate temperature Ts was in the range from 450 to 600 QC. The gas mixture of Ar and O 2 or Kr and O 2 were used as sputtering gas. The total gas pressure Ptotal was fixed at 2.0 mTorr, and the partial O 2 pressure P 02 was changed from 0.4 to 0.8 mTorr. Film thickness was 400 -600 nm for 3 hours deposition. The as-deposited films were annealed in oxygen atmosphere at 1000 QC for 3 hours. The characteristics of as-deposited films and annealed ones were evaluated by X-ray diffractometry (XRD), Vibrating Sample Magnetometer (VS M), and Inductively Coupled Plasma Spectroscopy (ICPS). Fig. 2 shows the substrate temperature T s dependences of the Sr composition x in La 1 _ x Sr x Mn0 3 films deposited in Ar+O z and in Kr+O z ' X was not clearly dependent on T s , but x was smaller at higher partial Oz pressure P 02 of 0.8 mTorr. At P 02 of 0.4 mTorr, x of films in Kr+O z was higher than that of films in Ar+0 2 • It seemed that Sr atoms in Kr+0 2 had larger kinetic energy than those in Ar+0 2 because the atomic weight of Sr is close to that of Kr.
A. Film Composition

B. Crystal Structure
Figs. 3 and 4 show the XRD diagrams of the films deposited at P 02 of 0.4 and 0.8 mTorr, respectively. At P 0z of 0.4 mTorr, (111) orientation, in which large ions such as 0 2 -, La 3 +, and S~+ are mostly closed packed as shown in Fig. 5 (a) , was observed for the films deposited in Kr+0 2 • On the other hand (110) orientation, in which metallic ions such as Mn 3 + and Mn4+ are mostly closed packed as shown in Fig. 5 (b) , was preferential for the films deposited in Ar+O z . Since the momentum transfer from Ar to Mn is effective due to small difference in their atomic weight, strong (110) peak was observed. Kr has larger atomic weight than that of Ar, so that the number and energy of recoiled particles in Kr+0 2 seems smaller than those in Ar+0 2 mixture. Since the sputtered La and Sr atoms would possess larger kinetic energy and higher random walk Ts ["C) Fig. 2 . Temperature dependence of x mobility on substrate surface, (111) peak was also observed in Kr+0 2 mixture. At P 0z of 0.8 mTorr, almost the same XRD diagram was observed in Kr+0 2 mixture, (111) plane was also clearly observed in the case of Ar+0 2 mixture. It seemed to be caused by the decrease of Ar atoms in sputtering gas. As Ts increased, (110) became a preferential orientation as shown in Fig. 6 . Larger thermal energy was applied to the ions on the substrates at higher T s, so that the random walk of heavier Mn atoms on the film surface were accelerated. This change also seemed to be attributed to smaller Coulomb energy of (111) plane than that of (110) plane. 
V. CONCLUSION
La l _ x Sr x Mn0 3 films was deposited on SiOz/Si substrates by using FTS apparatus in the mixture gas of Ar and Oz or Kr and Oz. The results obtained were as follows:
(1) The increase of P 0 2 caused the reduction of the Sr content x.
(2) For films deposited in Kr (1.6 mTorr)+ Oz (0.4 mTorr), (111) orientation was observed, while (110) orientation was preferential for films deposited in Ar (1.6 mTorr)+ Oz (0.4 mTorr). However, the increase of P 0 2 caused (110) preferential orientation when Kr+O z was used as sputtering gas.
(3) 4ltMs of as-deposited films at Ts of 550 QC in Kr+O z was only 0.17 kG. It increased up to 2.3 kG after postannealing in Oz at 1000 QC for 3 hours, while the films prepared under same conditions in Ar+O z exhibited small 4ltMs of 1.6 kG.
